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Objectives. This study attempted to determine whether a subset 
of patients with mitral valve prolapse and no mitral regurgitation 
at rest will develop mitral regurgitation during exercise and have 
a higher than anticipated risk of morbid cardiovascular events. 
Background. Mitral regurgitation in patients with mitral valve 
prolapse identifies a subset of patients at higher risk for morbid 
events. However, mitral regurgitation in patients with mitral valve 
prolapse may be intermittent and could go unrecognized. A 
provocative test to unmask mitral regurgitation in these patients 
would be useful. 
Methods. Ninety-four adult patients with mitral valve prolapse 
and no mitral regurgitation at rest were studied during supine 
bicycle ergometry using color flow Doppler echocardiography in
the apical four-chamber and long-axis views. Patients were pro- 
spectively followed up for morbid events. 
Results. Thirty (32%) of 94 patients had exercise-induced 
mitral regurgitation. Prospective follow-up (mean 38 months) 
showed more morbid events in the group with than without mitral 
regurgitation and included, respectively, syncope (43% vs. 5%, p < 
0.0001), congestive heart failure (17% vs. (F/e, p < 0.005) and 
progressive mitral regurgitation requiring mitral valve replace- 
ment surgery (10% vs. 0%, p < 0.05). Cerebral embolic events, 
endocarditis or sudden death were rare and not different between 
groups. 
Conclusions. In patients with mitral valve prolapse without 
mitral regurgitation at rest, exercise provokes mitral regurgita- 
tion in 32% of patients and predicts a higher risk for morbid 
events. 
(J Am CoU Cardiol 1995;25:693-9) 
Mitral regurgitation in patients with mitral valve prolapse 
increases the risk for serious complications, such as progressive 
mitral valve dysfunction ecessitating valve replacement (1-3), 
endocarditis (4-6) and sudden death (7). Necropsy studies 
(8,9) demonstrate that the majority of patients who die of 
mitral valve prolapse have pathologic evidence of significant 
mitral regurgitation. Long-term follow-up studies (10-12) 
show the association between serious complications and mitral 
regurgitation i patients with mitral valve prolapse. Although 
mitral valve prolapse is relatively common in the general 
population, ranging from 2.5 to 5% (13-18), it appears that 
only a small subset of patients actually develop hemodynami- 
cally significant mitral regurgitation, with estimates of 10% for 
men and 5% for women (19). The pathophysiologic mecha- 
nism that accounts for a subset of patients with mitral valve 
prolapse who develop progressive mitral regurgitation is un- 
known (2). Importantly, in some patients mitral regurgitation 
may be intermittent and could easily go unrecognized. A
provocative maneuver to unmask mitral regurgitation i sub- 
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jects with mitral valve prolapse could be invaluable in risk 
stratification. Dynamic exercise is known to decrease left 
ventricular systolic volume and could potentially aggravate 
unequal mitral leaflet stresses by increasing left ventricular 
systolic pressure. These effects of exercise would be expected 
to potentially induce mitral regurgitation in patients with 
mitral valve prolapse (20-27). We hypothesize that a subset of 
patients with mitral valve prolapse and no mitral regurgitation 
at rest will develop mitral regurgitation during exercise and 
have a higher than anticipated risk of morbid cardiovascular 
events. 
Methods  
Study protocol. Cardiovascular symptoms, height and 
weight were determined and physical examination performed. 
Echocardiography was performed at baseline and during and 
after supine bicycle ergometry stress test. Exercise chocardio- 
graphic results were not revealed to the subjects or their 
physicians' with the exception of one subject who developed 
nonsustained ventricular tachycardia during exercise. Written 
informed consent was obtained from all patients. Subjects were 
followed up for a minimum of 12 months for the development 
of new symptoms or complications due to mitral valve pro- 
lapse. End points for follow-up included mitral valve replace- 
ment or death. The study protocol was deemed ethical and was 
approved by the Human Studies Committee at our institution. 
©1995 by the American College of Cardiology 0735-1097/95/$9.50 
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Study subjects. Inclusion criteria included age ->18 years, 
sinus rhythm and mitral valve prolapse score ->3 (28). Exclu- 
sion criteria included contraindication to exercise, coronary 
disease, heart failure, connective tissue disorder, technically 
inadequate chocardiogram, wall motion abnormality, dia- 
stolic blood pressure >100 mm Hg, systolic blood pressure 
>165 mm Hg, aortic or mitral stenosis, aortic insufficiency in 
excess of mild, or mitral regurgitation at rest as assessed by 
pulsed and color flow Doppler echocardiography. Two- 
hundred fifty-five patients undergoing clinical echocardiogra- 
phy and 72 volunteers (recruited by advertisement) with mitral 
valve prolapse were identified from August 1988 to June 1992. 
Eighty-five of 255 patients and 42 of 72 volunteers did not have 
mitral regurgitation and were therefore study candidates. 
Fifty-two patients and 42 volunteers had none of the remaining 
exclusion criteria and thus comprised the study group (94 
subjects [67 women, 27 men], mean [_+SD] age 37 _+ 13 years, 
range 18 to 73). 
Exercise testing. A symptom-limited supine bicycle rgomet- 
ric exercise test was performed by 3-rain, 25-W incremental 
stages. Systemic blood pressure was measured by an automated 
machine, and a 12-lead electrocardiogram was obtained. 
Outcome events. Outcome or morbid events were defined 
as syncope, transient ischemic attack, cerebrovascular cci- 
dent, infective ndocarditis, congestive heart failure or cardiac 
death. Syncope was classified as exertional, vasovagal, ortho- 
static or idiopathic and considered recurrent if it occurred 
more than once. Congestive heart failure severity was assessed 
by New York Heart Association criteria. Morbid events were 
confirmed by direct patient interview, questionnaire and re- 
view of pertinent medical records. 
Echocardiography. M-mode, two-dimensional, color flow 
and spectral Doppler echocardiography were performed using 
a Hewlett-Packard echocardiography machine (model 77020) 
with a 2.5-MHz transducer. Color flow and pulsed Doppler 
echocardiography were performed at rest to exclude mitral 
regurgitation ofany severity or aortic insufficiency in excess of 
mild (29,30). Every 2 to 3 rain into each exercise stage, at peak 
exercise and every 5 rain into recovery, two-dimensional nd 
color flow Doppler echocardiography of the mitral valve were 
performed from the apical four-chamber and long-axis views. 
Two-dimensional nd color flow Doppler echocardiographic 
gain, compression and time-gain compensation settings were 
optimized (i.e., maximal gain settings obtainable without noise 
or artifact) at rest and not changed uring exercise or recovery. 
The color flow Doppler echocardiographic frame rate was 
maximized by decreasing the echocardiographic se tor length 
and width and varied from 17 to 20 frames/s. Spectral Doppler 
echocardiography was not performed uring exercise. Echo- 
cardiographic studies were recorded on 0.5-in. VHS videotape 
for subsequent review and analyzed in blinded manner with 
regard to clinical data. 
Echocardiographic analysis. The degree of mitral valve 
prolapse was scored using a modification of a previously 
described method (28). A score of 0 to 3 was determined from 
three echocardiographic views (i.e., standard M-mode echo- 
cardiography of mitral valve, two-dimensional parasternal 
long-axis and four-chamber views). From two-dimensional 
long-axis or four-chamber views, scores were defined as 1, 2 or 
3 if either leaflet bowed beyond the annulus plane by -<1, >1 
to <3 or ->3 ram, respectively. From M-mode echocardiogra- 
phy, scores were defined as 1, 2 or 3 if systolic posterior motion 
of the mitral valve was beyond the C to D line by <2, 2 to 3 or 
>3 mm, respectively. The individual scores from the three 
views were added, giving a total mitral valve prolapse score of 
0 to 9. A total score ->3 was defined as mitral valve prolapse. 
Mitral valve thickening or redundancy was not used as part of 
the criteria for mitral valve prolapse. "Classic" mitral prolapse 
was defined as a score of 3 from the two-dimensional paraster- 
hal long-axis view. 
Color flow Doppler echocardiography was used to detect 
and semiquantify mitral regurgitation severity. The area of the 
maximal mitral regurgitant jet was planimetered at the time of 
initial development of mitral regurgitation and at peak exer- 
cise. Left atrial area was obtained by planimetry. A mitral 
regurgitant jet during exercise was graded as mild, moderate or 
severe if the regurgitant jet occupied <20%, 20 to 40% or >40% 
of the left atrial area, respectively (29). No attempt was made to 
separate inner high from peripheral low velocity zones. 
Mitral vah'e leaflet hicknesses were measured at rest in the 
parasternal long-axis view during diastole at the thickest 
portion of each leaflet. Data from the thickest leaflet were used 
for analysis. Left atrial volume was determined at rest (31). 
Ejection fraction and ventricular volumes were measured from 
an apical long-axis view using a single-plane llipse formula 
(32). Standard M-mode echocardiographic measurements 
were made of left atrial and ventricular diameters and septal 
and posterior wall thicknesses. The end-systolic mitral valve 
annulus area was estimated from end-systolic mitral annular 
long-axis and four-chamber diameters (i.e., annular diameters 
immediately before opening of the mitral valve) using an 
ellipse formula (33). Measurements were made using a video 
computer analysis ystem (Cineview, GTI) and represent the 
average of three determinations. 
Statistical analysis. Results are mean value _+ 1 SD. 
Analysis of variance (Scheff6 F test) was used for repeated 
measures. Control variables were compared using an unpaired 
Student t test and the Mann-Whitney U test for parametric and 
nonparametric data, respectively. Chi-square analysis with 
continuity correction was used to compare the incidence of 
morbid events among groups. A multivariate analysis using a 
stepwise regression procedure was used to identify variables 
with the greatest independent prediction of morbid events. A 
probability value <0.05 was considered statistically significant. 
Resu l ts  
Exercise-induced mitral regurgitation: clinical characteris- 
tics and severity of mitral regurgitation. Thirty (32%) of 94 
subjects had exercise-induced mitral regurgitation. Of these 30 
subjects, mitral regurgitation persisted 5 rain into recovery in 
13 (43%) and 10 rain into recovery in 10 (33%) but resolved in 
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Figure 1. Apical four-chamber view 
from a patient with mitral valve pro- 
lapse with no mitral regurgitation at
rest (left) and exercise-induced (ar- 
rows) mitral regurgitation at peak 
exercise (right). LA - left atrium; 
LV = left ventricle. 
all subjects 15 rain into recovery. Subjects with mitral valve 
prolapse were subsequently classified into two groups on the 
basis of the presence or absence of exercise-induced mitral 
regurgitation. There were no significant differences (p = NS) 
between both groups with regard to age (38 + 13 vs. 37 _+ 13 
years), gender (9 men and 21 women vs. 18 men and 46 
women), height (165 _+ 12 vs. 165 + 10 cm), weight (63 + 14 
vs. 61 _+ 14 kg), one or more coronary artery disease risk 
factors (30% vs. 23%) or auscultatory click (67% vs. 63%). In 
Table 1. Cardiac Structure and Function and Mitral 
Valve Morphology 
Mitral Valve Prolapse 
Exer-MR No-MR 
(n 30) (n - 64) 
LA diameter (cm) 3.62 _+ 0.84 3.19 _+ 0.53* 
LA volume (ml) 44 _+ 18 28 + 12~ 
LVEDD (cm) 4.90 _+ 0.81 4.64 _+ 0.66 
SWT (cm) 0.73 + 0.19 0.74 +_ 0.19 
PWT (cm) 0.77 + 0.19 0.78 _+ 0.17 
LVEDV (ml) 87 + 28 74 _+ 20:~ 
LVEF (%) 62 + 6 62 +_ 7 
Total MVP score 5.4 _+ 2.0 4.7 + 2.0 
Lax MVP score 2.1 _+ 0.9 1.4 +_ 1.0" 
"Classic" MVP (%) 13/30 (43%) 15/64 (23%)§ 
MV leaflet hickness (mm) 3.5 + 1.4 3.2 _+ 1.7 
*p < 0.005, "i'p < 0.000l, l:p < 0.01, §p - 0.08 versus subjects with 
exercise-induced mitral regurgitation (Exer-MR). Data presented are mean 
value _+ SD or number (%) of patients. LA - left atrium; Lax - long-axis view; 
LVEDD (LVEDV) = left ventricular end-diastolic diameter (volume); LVEF = 
left ventricular ejection fraction; MV = mitral valve; MVP = mitral valve 
prolapse; No-MR = subjects with no exercise-induced mitral regurgitation; PWT 
(SWT) - posterior (septal) wall thickness. 
subjects with exercised-induced mitral regurgitation, the sever- 
ity of mitral regurgitation was mild in 21, moderate in 5 and 
severe in 4 (Fig. 1). The area of the maximal mitral regurgitant 
jet at peak exercise (5.8 + 3.2 cm 2) was greater than at its onset 
(5.0 _+ 3.0 cm 2, p < 0.005). The percentage of the left atrial 
area occupied by the maximal regurgitant jet at peak exercise 
(mean 34 _+ 17%, range 11% to 74%) was greater (p < 0.005) 
than at its onset (mean 29% -+ 16%, range 8% to 68%). 
Previous symptoms and complications. Syncope before 
enrollment was 2.5 times more frequent in subjects with than 
without exercise-induced mitral regurgitation (40% vs 16%, 
respectively, p < 0.02). There were no significant differences 
(p = NS) in the frequency of symptoms or morbid events 
before enrollment, such as atypical chest pain (33% vs. 45%), 
palpitations (63% vs. 52%), eerebroembolism (0% vs. 5%), 
endocarditis (3% vs. 0%) or sudden death (0% vs. 0%), in 
subjects with and without exercise-induced mitral regurgita- 
tion, respectively. 
Exercise-induced mitral regurgitation: cardiac structure 
and function and mitral valve morphology. Left atrial diam- 
eter and volume and left ventricular end-diastolic volume were 
significantly greater in subjects with than without exercise- 
induced mitral regurgitation (Table 1). Left ventricular ejec- 
tion fraction did not differ between the groups. Total mitral 
valve prolapse score tended to be higher in subjects with than 
without exercised-induced mitral regurgitation (5.4 + 2.0 vs. 
4.7 _+ 2.0, respectively, p = 0.11) because of a significantly 
higher mitral valve prolapse score from the long-axis view 
(2.1 _+ 0.9 vs. 1.4 _+ 1.0, respectively, p < 0.005). "Classic" 
mitral valve prolapse tended to be more frequent in subjects 
with than without exercised-induced mitral regurgitation (43% 
vs. 23%, respectively, p = 0.08). 
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Table 2. Effect of Exercise on Hemodynamic Variables; Cardiac Rhythm, Function and Size; and 
Mitral Annulus Area 
Mitral Valve Prolapse 
Exer-MR (n = 30) No-MR (n = 64) 
At Rest Exercise Peak Onset of MR At Rest Exercise Peak 
Heart rate (beats/rain) 70 = 12 125 _+ 19" 108 -+ 20"t 72 ± 11 127 ± 245§ 
Diastolic BP (mm Hg) 71 _+ 13 80 _+ 15][ 79 _+ 15 II 73 + 12 82 + 14~ 
Systolic BP (ram Hg) 120 +_ 20 161 + 27* 151 +_ 32*¶ 117 + 23 149 _+ 265# 
LVEF (%) 62 + 6 78 _+ 7* 74 _+ 6# 62 + 7 71 _+ 8:~¶** 
LVEDV (ml) 87 + 28 87 +- 28 89 + 29 74 + 20j? 66 + 20t$§ 
LVESV (ml) 34 _+ t4 20 _+ 9* 23 _+ 10'# 28 _+ 10:~:~ 20 +_ 115 
MVA area (cm 2) 7.6 _+ 2.5 8.7 +_ 3.0* 9.5 : 5.2 ~ 6.9 ± 1.4 6.6 _+ 1.3?:~§ 
*p < 0.0001, lip < 0.001, t ip  < 0.02, :~$p < 0.05, versus ubjects with exercise-induced mitral regurgitation atrest. 
tp < 0.0001, ¶p < 0.0005, #p < 0.05 versus ubjects with exercise-induced mitra[ regurgitation atpeak exercise. :~p < 
0.0001 versus ubjects with no mitral regurgitation atrest. §p < 0.0001, **p < 0.001 versus ubjects with exercise-induced 
mitral regurgitation atonset of mitral regurgitation. Data presented are mean value _+ SD. LVESV left ventricular 
end-systolic volume; MVA = end-systolic mitral valve annulus; other abbreviations a in Table 1. 
Effect of exercise on hemodynamic variables; cardiac 
rhythm, function and size; and mitral valve annulus area. 
Exercise duration did not differ between subjects with and 
without exercise-induced mitral regurgitation (8.0 _+ 3.4 vs. 
7.7 _+ 3.8 rain, respectively, p = NS). Heart rate and diastolic 
blood pressure at rest did not differ between the groups and 
significantly increased at peak exercise in a similar magnitude 
in both groups (Table 2). Although systolic blood pressure at 
rest did not differ between the groups and significantly in- 
creased at peak exercise in both groups, systolic blood pressure 
at peak exercise was significantly greater in subjects with than 
without exercise-induced mitral regurgitation (161 + 27 vs. 
149 + 26 mm Hg, respectively, p < 0.05). Exercise provoked 
ventricular ectopic omplexes in2 (7%) of 30 subjects with and 
5 (8%) of 64 subjects without (p = NS) exercise-induced mitral 
regurgitation. Nonsustained ventricular tachycardia occurred 
in one subject (3%) with and in no subjects without exercise- 
induced mitral regurgitation. Left ventricular ejection fraction 
significantly increased from rest to peak exercise in both 
groups but to a greater magnitude insubjects with than without 
exercise-induced mitral regurgitation. In addition, left ventric- 
Table 3. Morbid Events and Incidence of Mitral Valve Replacement 
in Subjects With Mitral Valve Prolapse During Follow-Up 
Exer-MR (n = 30) No-MR (n - 64) 
Syncope 13 (43%) 3 (5%)* 
TIA/CVA 2 (7%) 4 (6%) 
Endocarditis l (3%) 0 (0%) 
CHF 5 (17%) 0 (0%)t 
MVR 3 (10%) 0 (0%)~ 
Sudden death 1 (3%) 0 (0%) 
CV event 16 (53%) 5 (8%)* 
*p < 0.0001, J'p < 0.005, ~p < 0.05 versus subjects with exercise-induced 
mitral regurgitation. Data presented arc number (%) of subjects. CHF - 
congestive heart failure; CV - cardiovascular; CVA = cerebrovascular accident; 
MVR mitral valve replacement; TIA - transient ischemic attack; other 
abbreviations a in Table 1. 
ular ejection fraction at the onset of mitral regurgitation was 
significantly greater than that at peak exercise in subjects with 
than without exercise-induced mitral regurgitation. Left ven- 
tricular end-diastolic volume was unchanged uring exercise 
but significantly decreased at peak exercise in subjects with 
versus those without exercise-induced mitral regurgitation. 
Left ventricular end-systolic volume at peak exercise and onset 
of mitral regurgitation i  subjects with exercise-induced mitral 
regurgitation did not differ from that at peak exercise in 
subjects without exercise-induced mitral regurgitation. No 
subject had regional wall motion abnormalities orST segment 
changes at peak exercise consistent with myocardial ischemia. 
In subjects with exercise-induced mitral regurgitation, end- 
systolic mitral valve annulus area at the onset of mitral 
regurgitation and at peak exercise increased significantly com- 
pared with that at rest. In subjects without exercise-induced 
mitral regurgitation, end-systolic mitral valve annulus area 
significantly decreased at peak exercise. 
Morbid events during follow-up. The duration of follow-up 
between subjects with (mean 38 + 13 months, range 12 to 58) 
and without (mean 38 _+ 12 months, range 12 to 56) exercise- 
induced mitral regurgitation did not differ (p = ns) (Table 3). 
Subjects having one or more cardiovascular morbid events 
were more common in the exercise-induced mitral regurgita- 
tion group (53% vs. 8%, p < 0.0001). Syncope and congestive 
heart failure occurred more often in subjects with than without 
exercise-induced mitral regurgitation. In a subset of subjects 
without a previous history of syncope at time of enrollment, 
syncope during follow-up was more common in those with (6 
[33%] of 18) than without (0 [0%] of 54, p < 0.0001) 
exercise-induced mitral regurgitation. In both groups yncope 
was recurrent in all subjects with syncope. In subjects with 
exercise-induced mitral regurgitation, syncope was orthostatic 
in six subjects, exertional in two, vasovagal in two and idio- 
pathic in three. In subjects without exercise-induced mitral 
regurgitation, syncope was idiopathic in three subjects. Of the 
five subjects with congestive heart failure in subjects with 
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exercise-induced mitral regurgitation, three required mitral 
valve replacement for functional class II (n = 1) or IIl (n = 2) 
congestive heart failure as a result of progressive mitral 
regurgitation documented byserial Doppler echocardiography 
and contrast ventriculography. Severe mitral regurgitation was 
provoked by stress echocardiography in four of five subjects 
who ultimately developed congestive heart failure and in three 
of three subjects who required mitral valve replacement. At the 
time of operation (mean duration of follow-up 50 + 7 months), 
myxomatous mitral valves were present in all subjects and 
chordal rupture in one. Two patients with exercise-induced 
mitral regurgitation developed functional class I (n = 1) or II 
(n = 1) congestive heart failure on the basis of mitral regurgita- 
tion but did not require mitral valve replacement. In subjects 
without exercise-induced mitral regurgitation, one developed 
congestive heart failure or required mitral valve replacement. 
Sudden death due to a documented ventricular fibrillation arrest 
occurred in one subject with exercise-induced mitral regurgita- 
tion. Resuscitative efforts were unsuccessful, and postmortem 
examination was refused. This patient had provocation of severe 
mitral regurgitation and nonsustained ventricular tachycardia 
during exercise and a history of recurrent syncope. Transient 
ischemic attack, cerebrovascular accident and endocarditis were 
equally frequent in both groups but were rare. 
Predictors of morbid events. Multiple regression analysis 
demonstrated that exercise-induced mitral regurgitation (p < 
0.0001) and syncope before enrollment (p < 0.0001) were the 
only independent predictors of a subsequent cardiovascular 
event. Exercise-induced mitral regurgitation (p < 0.0001) and 
syncope before enrollment (p < 0.0005) were predictors of 
syncope during follow-up. Exercise-induced mitral regurgita- 
tion was the only independent predictor (p < 0.001) of 
congestive heart failure. Independent predictors of mitral valve 
replacement included exercise-induced mitral regurgitation 
(p < 0.01), mitral valve prolapse score (p < 0.02) and age (p < 
0.05). Variables not predictive of cardiovascular events in- 
cluded gender, mitral valve leaflet thickness, "classic" mitral 
valve prolapse, examination click, left atrial volume, rest 
ejection fraction, end-diastolic and end-systolic volumes and 
duration of follow-up. 
Discuss ion  
In the present study, -32% of subjects with primary mitral 
valve prolapse developed mitral regurgitation during supine 
bicycle exercise. Morbid events were common and occurred in 
>50% of these subjects during a mean follow-up period of 38 
months. Exercise-induced mitral regurgitation was an indepen- 
dent predictor of syncope, congestive heart failure and need 
for mitral valve replacement. Previous studies (20-25) have 
shown that left ventricular volume is an important determinant 
of the timing of mitral valve prolapse click and murmur. 
However, to our knowledge this is the first study demonstrating 
that dynamic exercise can provoke mitral regurgitation and 
that this finding is predictive of a higher isk of specific morbid 
events in subjects with primary mitral valve prolapse. The 
sensitivity, specificity and predictive accuracies of exercise- 
induced mitral regurgitation for the development of syncope, 
congestive heart failure or subsequent requirement for mitral 
valve replacement eed to be determined in a prospective 
study before widespread application of this approach. 
Mitral regurgitation and morbid events. Although subjects 
with primary mitral prolapse typically have a benign course, 
studies have identified a subset of these patients at high risk for 
serious complications (1-7,10-12,34). Numerous clinical and 
echocardiographic findings have been suggested to be helpful 
in identifying patients with mitral valve prolapse at higher isk 
for morbid events (35). However, the presence of significant 
mitral regurgitation has emerged as a consistent finding asso- 
ciated with morbid events in patients with mitral valve prolapse 
(36). In the present study, the incidence of mitral valve 
replacement surgery was 10% (3 of 30) of subjects with 
exercise-induced mitral regurgitation a d is comparable tothe 
studies of Nishimura et al. (12) and Duren et al. (36) despite 
significant differences in the study patients. In the present 
study other independent predictors for the development of
progressive mitral regurgitation requiring mitral valve replace- 
ment surgery included higher mitral valve prolapse score and 
increasing age. Kolibash et al. (2) and Wilcken et al. (3) also 
showed that advancing age increases the risk of developing 
progressive mitral regurgitation requiring mitral valve replace- 
ment in patients with mitral valve prolapse. In the present 
study, mitral valve leaflet thickness was not an independent 
predictor of progressive mitral regurgitation requiring mitral 
valve replacement surgery and differs from the study of Marks 
et al. (34). This discrepancy between the two studies most 
likely relates to differences in the patients tudied. In the 
present study, sudden death and endocarditis were rare and 
occurred only in the group with exercise-induced mitral regur- 
gitation. Cerebral embolic events occurred in an equal per- 
centage of patients with and without exercise-induced mitral 
regurgitation but was uncommon. The low incidences of 
sudden death, endocarditis and cerebral embolic events pre- 
clude any definitive multivariate analysis of the predictive 
accuracy of exercise-induced mitral regurgitation for these 
morbid outcomes. Sudden death due to malignant arrhythmia 
in patients with mitral valve prolapse is rare (37). Kligfield et 
al. (38) have suggested that hemodynamically significant mitral 
regurgitation may play a role in complex ventricular arrhyth- 
mias in patients with mitral valve prolapse. In the present 
study, the patient experiencing sudden cardiac death had 
exercise-induced severe mitral regurgitation with associated 
nonsustained ventricular tachycardia during exercise. It re- 
mains to be shown whether exercise-induced mitral regurgita- 
tion will be a predictor of sudden cardiac death in patients with 
mitral valve prolapse. It is well accepted that mitral regurgita- 
tion that manifests as a systolic murmur considerably increases 
the risk of endocarditis in patients with mitral valve prolapse 
(4,6). Identification ofrisk factors that reliably predict cerebral 
embolic events in patients with mitral valve prolapse remains 
elusive (12,34). 
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Syncope and mitral valve prolapse. Syncope and presyn- 
cope may occur commonly in patients with mitral valve pro- 
lapse (39,40). In the present study, syncope was more common 
at the time of enrollment and during follow-up in patients with 
mitral valve prolapse with than without exercise-induced mitral 
regurgitation. I  the group with exercise-induced mitral regur- 
gitation the single most common mechanism of syncope was 
presumably orthostatic hypotension. The causes of syncope in 
patients with mitral valve prolapse are multifactorial nd 
include arrhythmias, orthostatic hypotension, reduced intra- 
vascular volume, dysfunction of the autonomic nervous ystem 
and abnormalities in modulation of baroreflexes. Santos et al. 
(41) demonstrated that orthostatic hypotension was a com- 
monly unrecognized mechanism responsible for symptoms of 
dizziness and syncope in patients with mitral valve prolapse. In 
the present study, it is unclear whether exercise-induced mitral 
regurgitation is a potential mechanism for syncope in patients 
with mitral valve prolapse. A decrease in cardiac output and 
provocation of cardiac arrhythmias are two possible mecha- 
nisms by which mitral regurgitation could predispose patients 
with mitral valve prolapse to syncope. 
Mechanism of exercise-induced mitral regurgitation. Struc- 
tural or functional abnormalities of the mitral apparatus, uch 
as chordal rupture or redundancy, annular dilation or mitral 
leaflet billowing or redundancy may affect mitral leaflet coap- 
tation and result in mitral regurgitation (28,42,43). In the 
present study, the hypothesis that exercise would provoke 
mitral regurgitation i  patients with mitral valve prolapse was 
proved. However, the exact mechanism that causes exercise- 
induced mitral regurgitation i  these patients is not entirely 
known. It was postulated that exercise that decreased left 
ventricular systolic volume and increased systolic blood pres- 
sure would increase the degree of mitral vane prolapse and 
induce mitral regurgitation. Although peak systolic blood 
pressure was higher in the group with exercise-induced mitral 
regurgitation, absolute left ventricular end-systolic volume did 
not differ between groups during exercise. Therefore, the role 
of left ventricular volume in inducing mitral regurgitation 
during exercise in patients with mitral valve prolapse is un- 
clear. Dynamic expansion of the mitral valve annulus at 
end-systole during exercise occurred in patients with exercise- 
induced mitral regurgitation. It is conceivable that this systolic 
expansion of the mitral valve annulus could affect mitral eaflet 
coaptation and contribute to exercise-induced mitral regurgi- 
tation. Pini et al. (43) and Grayburn et al. (42) demonstrated 
significantly larger mitral annular diameters in patients with 
mitral valve prolapse with than without significant mitral 
regurgitation. In the present study, differences in mitral vane 
annular area between patients with mitral valve prolapse with 
and without exercise-induced mitral regurgitation were only 
evident during exercise. It is possible that exercise-induced 
mitral regurgitation may result in progressive dilation of the 
mitral valve annulus and worsening of mitral regurgitation. In
the present study, left atrial and left ventricular end-diastolic 
volumes were significantly larger in patients with mitral valve 
prolapse with than without exercise-induced mitral regurgita- 
tion. In addition, exercise-induced mitral regurgitation does 
not immediately resolve during recovery in the majority of 
patients with mitral vane prolapse. These findings uggest that 
intermittent exercise-induced mitral regurgitation on a long- 
term basis may be hemodynamically significant. 
Limitations of study. The best echocardiographic criteria 
for the diagnosis of mitral valve prolapse have yet to be 
established. Although billowing of the mitral valve leaflets was 
present in all patients in the present study, it is possible that 
some patients may have a variation of normal leaflet and 
annulus geometry. Exercise-induced changes in the degree of 
mitral vane prolapse could not be easily assessed. The patients 
studied may not represent the distribution of patients with 
mitral valve prolapse without mitral regurgitation atrest in the 
general population. Color-flow Doppler echocardiography has
not been validated against angiographic severity of mitral 
regurgitation during exercise (44,45). No attempt was made to 
measure the high velocity zone of regurgitation jets. It is 
possible that the area of the entire regurgitant jet signal could 
overestimate regurgitation severity. However, we attempted to
minimize technical influences by maintaining a constant gain 
setting and maximizing frame rate. Spectral Doppler echocar- 
diography was not performed uring exercise. It is possible 
that mitral regurgitation may have been detected using spectral 
Doppler and not color flow Doppler echocardiography in some 
subjects. Supine exercise in patients with coronary artery 
disease may induce mitral regurgitation as assessed by color 
flow Doppler echocardiography (46). However, in the present 
study subjects had a low risk for coronary artery disease and no 
evidence of myocardial ischemia by two-dimensional exercise 
echocardiography. 
Clinical implications. Patients with mitral valve prolapse 
without mitral regurgitation at rest and no leaflet thickening 
are usually considered at low risk for morbid events. The 
present study confirms that >30% of these "low risk" patients 
have exercise-induced mitral regurgitation and a higher isk of 
morbid events than usually expected. Although exercise in- 
duces mitral regurgitation i  these patients, it would be 
premature to advocate modifications in level of exercise. A 
recent study (47) suggests hat aerobic exercise is beneficial in 
reducing symptoms in patients with mitral valve prolapse. It is 
also of concern that insurance premiums for such subjects 
could be inappropriately and adversely affected. Studies ad- 
dressing the potential benefit of pharmacologic therapy de- 
signed to prevent exercise-induced mitral regurgitation i
patients with mitral valve prolapse would be of great interest. 
We appreciate the excellent secretarial assistance of Erica Camp in the prepa- 
ration of the manuscript. 
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